Abstract : Winemaking is based on complex microbial interactions. They result in alcoholic and malolactic fermentation. In some cases undesirable micro-organisms pass beyond a limit and become prejudicial to wine quality. It is particularly the case of Brettanomyces bruxellensis which produces volatile phenols. Most of wine microbial studies have been focused on only one species and that can lead to incomplete and biased results by neglecting possible interactions between the populations. The aim of this study was to obtain a global survey of wine microflora and its quantitative and qualitative changes during the malolactic fermentation, the last microbial intervention before sulphur dioxide addition. The results were obtained by chemical wine analysis, conventional microbiological methods and molecular tools for microbial identification (PCR-ITS-RFLP, PCR-DGGE). In this study, conducted under cellar scale conditions, several oenological parameters were considered: two different cellars, three grape varieties, MLF in tank or in barrels, use of malolactic starters or indigenous flora. Interactions appeared, mainly between Oenococcus oeni and B. bruxellensis, but also between O. oeni strains. Some explanations are suggested and further investigations are proposed.
INTRODUCTION
Winemaking is based on complex microbial collaboration. After crushing, yeasts, mainly Saccharomyces cerevisiae species, ferment sugars, which are naturally present in must, to produce ethanol during alcoholic fermentation (AF). Then lactic acid bacteria (LAB), mainly Oenococcus oeni, convert malic acid into lactic acid by decarboxylation during the malolactic fermentation (MLF). In addition to alcohol production and acidity decrease, other metabolisms produce aroma responsible for sensorial wine properties.
After MLF, winemakers try to reduce microbial population by sulphating, racking, fining, filtration and thermal treatment in order to avoid any microbial growth. Indeed, Brettanomyces bruxellensis yeast species can spoil wines by developing off-odours which have been described as mousy, wet wool, medicinal, smoky, spicy (FUGELSANG and ZOECKLEIN 2003; LOUREIRO and MALFAITO-FERREIRA 2003) . Pedioccocus sp. bacteria can modify wine viscosity by producing exopolysaccharides (WALLING et al., 2005) . Other microbial metabolisms can have a toxicological potential effect by producing biogenic amines (COTON et al., 1998) and ethyl carbamate (UTHURRY et al., 2005) . Microbiological alterations are the highest winemaker preoccupation during the aging period.
After it was established that the primary origin of B. bruxellensis and Pediococcus parvulus was the grape berries themselves, conditions of their growth and detection in wine have been the focus of several studies (DELA-HERCHE et al., 2004) .
Species and strains diversity is very important in wine. Thus studies which focused on only one of them within such complex mixture should lead to incomplete and biased results. It is fundamental to have a systemic approach of the wine microflora in order to integrate the possible interactions between each species.
MLF is a key step of red wine elaboration. It allows a deacidification (LONVAUD-FUNEL, 1999 ) and sensorial modifications (DE REVEL et al., 1999) and winemakers try hard to do it. They can favour the development of the indigenous flora or use commercial malolactic starters (GINDREAU et al., 1997) . Moreover MLF is the last desirable microbial intervention in winemaking before the addition of sulphur dioxide in order to discard microbial population.
The goal of this work was to investigate the whole wine microflora and to characterize each population: total yeasts (TY), non-Saccharomyces yeast (NS), lactic acid bacteria (LAB) and acetic acid bacteria (AAB) during the MLF. Different conditions were considered: grape variety, physicochemical parameters of the wines (alcohol content, pH, colour intensity…), and oenological practices such as MLF in barrels or tank, addition of malolactic starters or indigenous flora. This study revealed significant interactions between LAB and yeast populations. It gave a global survey of wine microflora during and after MLF leading to a better understanding of microbial interactions.
MATERIALS AND METHODS

I -SAMPLES
Wine samples from different cellars in various areas of the Bordeaux region were collected at several winemaking stages: harvesting, tank filling and homogenization, maceration before fermentation, alcoholic fermentation, post-fermentation maceration, running off, malolactic fermentation, racking, and sulphur dioxide addition. Samples were collected with sterile material and conserved in an isotherm package until their treatment at the laboratory. In the first cellar, named G, we followed the winemaking of three grape variety plots: Merlot, Cabernet-Sauvignon and Cabernet-Franc. For these wines, AF and MLF were conduced by the indigenous microflora. In the second cellar, named M, we followed two tanks of Merlot wines (A and B). Alcoholic fermentation was conducted with commercial active dried yeasts. After fermentation, the wine was transferred into new barrels which were from a homogenous pool. They were inoculated with an O. oeni starter for malolactic fermentation following a direct inoculation protocol. These inoculations were made 34 days after the harvest. Six different starters were used: lots I-a, I-b, II, III, IV and V, in addition to the indigenous flora (0). It makes 12 different conditions (A-0, A-I-a, A-I-b, A-II, A-III, A-IV,  A-V, B-0, B-I-a, B-I-b, B-IV and B-V) for the two tanks A and B. I-a and I-b were inoculated by the same O. oeni strain that differed by their preparation method. Some of these strains are still under a selection procedure (I-a, Ib, II and III), and others are commercial starters (IV and V). The starters were suspended in room temperature water and they were added into wine. After the inoculation, the wine was homogenized by sticking. Each condition was made in duplicate barrels. Wine analyses performed, before bacterial inoculation, are reported in table I.
II -ISOLATION OF MICROBIAL POPULATION AND CELL COUNTS
Serial dilutions of each sample were used to inoculate in triplicate plates of four different nutritive medium. The yeast were cultivated on YPG medium containing glucose 20 g/L, bactotryptone 10 g/L, yeast extract 10 g/L and agar 25 g/L , pH adjusted to 5.0 using orthophosphoric acid. To count total yeast population (TY), after sterilization, the medium was supplemented with biphenyl (Fluka) (0.015 %w/v) and chloramphenicol (0.01 %w/v) (Sigma Aldrich) to respectively inhibit mould development and bacterial growth. The addition of 0.1 % (w/v) cycloheximide (Sigma Aldrich) eliminated the Saccharomyces sp. and allowed for the numeration of non-Saccharomyces (NS) yeast population. At 25°C, incubation lasted 5 days to count the TY and 10 days for the NS. The Saccharomyces population was estimated by subtracting the NS from the TY population. LAB were isolated on MRS plates: Lactobacilli MRS broth (Difco) 55 g, D-L malic acid (Prolabo) 10 g, agar 20 g, pH 4.8 with NaOH 10N. Growth of yeast was inhibited by adding 50 mg/L of pimaricine (Delvocid, DSM Food Specialties) and growth of AAB was inhibited by incubation under anaerobic conditions using an anaerobic system with palladium catalyst (BBL). LAB plates were incubated at 25°C for 10 days. AAB were grown on MRS plates containing 100 mg/L of pimaricine and 20 mg/L of penicillin (Sigma Aldrich) to inhibit the growth of yeast and gram positive bacteria, respectively. AAB plates were incubated in aerobic conditions at 25 °C for 5 days.
In order to estimate the total different microbial populations present in the wines, we calculated the integral of the curve representing the dynamic evolution of the microbial population. These sums were made by weighting of the surface delimited by the population curve plotted on a linear graphic and the time axis for the studied interval.
III -YEAST IDENTIFICATION
1) DNA extraction
Two different protocols for DNA extraction were used according to the material considered: isolated colony or whole complex biomass.
2) DNA extraction from whole biomass on plates After 5 days of incubation, the biomass collected from TY plates were suspended in 2 mL of Tris 10 mM -EDTA 1 mM (TE) and were centrifuged at 10 000 g at 4 °C for 20 min. Then, the supernatant was discarded. DNA extraction from the pelleted cells was made according to classic phenol/ chloroform method as described by AUSUBEL et al. (1995) . After precipitation, DNAs were rehydrated with 100 µL of PPI (Pour Préparation Injectable, Cooper) water containing 2 µL of RNAse solution (Qiagen) at 4 °C overnight. The DNAs were conserved at -20 °C until PCR analysis.
3) Analysis of isolated yeast colony
The following identification experiments were made on Petri dishes carrying between 30 and 300 colonies. For each plate, 20 % of the colonies were tested and the results were given in species percentage (table III).
The PCRs were performed directly on the colonies isolated from the plates. Colony biomass was collected with a sterile tip and suspended in 20 µL of PPI water. 5 µL of the cell suspension were deposited on a FTA ® card (Whatman). The cards were impregnated with a solution which allowed cell lysis and protein denaturation, enabling a direct DNA extraction (HANSEN and BLAKESLEY, 1998) . DNAs were stabilized and immobilized at room temperature. Punches from FTA card containing the DNA were placed in clean PCR microtubes and washed by two successive solutions. Firstly, with a 100 µL Reagent buffer (Whatman) for 5 min, thereafter with 200 µL of TE buffer for 5 min. The TE buffer was carefully removed by pipetting and the microtube containing the FTA patch was dried at 50 °C for 10 min in the microtube.
4) PCR-ITS-RFLP
Yeast identification was done by RFLP analysis of the 5.8S rRNA gene and the two ribosomal internal transcribed spacers (ITS1 and ITS2) (GUILLAMON et al. 1998) . The PCR was performed with the forward primer ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and the reverse primer ITS4 (5'-TCCTCCGCTTATTGATATGC-3'). Amplification was done in a 50 µL reaction mixture containing 4 µL of commercial PCR mix (QBiogene), each primer at a concentration of 0.5 µM and a FTA patch containing the DNA template or 2 µL of DNA prepara-tion solution. PCR conditions were as follows: initial denaturation at 95 °C for 10 min; 40 cycles of denaturing at 94 °C for 1 min, annealing at 55.5°C for 2 min and extension at 72 °C for 2 min and a final extension at 72°C for 10 min. The reaction was conducted in a Bio-Rad thermocycler. 10 µL of PCR products were deposited on a 2 % agarose (Eurobio) gel. When whole biomass was analyzed, different bands were shown on electrophoresis gel. Then, the interesting bands were carefully excised with a sterilized razor blade, and the block of agarose containing the DNA was put in sterile 1.5 mL microcentrifuge tube. 100 µL TE buffer was added and the DNA was allowed to diffuse out of the gel overnight at 4 °C. 2 µL of TE buffer containing the DNA were used for the re-amplification with the same primers. 5 µL of the re-amplified DNA were analyzed in a 1.5 % agarose gel to confirm the re-amplification. 45 µL of this product were purified (Qiaquick, Qiagen) and used to enzymatic digestions. 10 µL of PCR product were digested separately with CfoI, HaeIII and HinfI, respectively.
The digestion mixture contained 10 µL of the purified PCR product, 1 µL of commercial enzyme solution, 2 µL of buffer provided by Boehringer, for CfoI, also 2 µL of 10X BSA and up to a total volume of 20 µL with distilled water. The digestion occurred at 37 °C for 5 h. The restriction fragments were separated on a 3 % agarose gel. After migration, the PCR products and the restriction fragments on their gel were visualized under UV light after ethidium bromide staining (Invitrogen). Sizes of DNA fragments were estimated by comparison with a DNA length standard (100 bp ladder, Invitrogen). The length of PCR products and restriction fragments allowed for yeast identification (table II) . For each ITS pattern, DNA, from FTA patch for the isolated colonies or recuperated after band excision from agarose gel for the whole biomasses, was re-amplified, purified (Qiaquick PCR puirification Kit, Qiagen) and sent for sequencing (Millegen, France). 
IV -LAB POPULATION ANALYSIS 1) LAB species identification
Analyses were made on the whole biomass from the LAB plates. After 10 days of incubation, biomasses from LAB plates were collected with 2 mL of TE buffer. After 15 min centrifugation (15°C, 10 000 g, 4°C) the supernatant was discarded. Then DNA was extracted and analyzed by PCR-DGGE targeting the rpoB gene according to RENOUF et al. (2006a) protocol.
2) Implantation control Implantation controls were made as previously described by GINDREAU et al. (1997) , using pulse-field gel electrophoresis method to separate NotI-restricted bacterial DNA fragments.
V -CHEMICAL ANALYSIS
Conventional analysis: total acidity, volatile acidity, alcohol content, free and total SO2, reducing sugars, colour intensity (CI), total polyphenol index (TPI), were carried out by the official methods or the usual methods recommended by the International Organization of the Vine and Wine (OIV) (1990). Analyses were carried out after the MLF was completed, just after sulphur addition. Malic acid concentration was measured by the enzymatic method (Boehringer-Mannheim).
RESULTS
I -EVOLUTION OF YEAST AND BACTERIA AFTER THE AF IN THREE DIFFERENT VARIE-TIES OF WINES
In the three cases, LAB population increased progressively after devatting but at different rate to reach a maximum concentration of 10 7 CFU/mL (figure 1). The time necessary to complete MLF differed significantly (figure 2). After devatting, the malic acid concentration was close for the three wines however in the CabernetSauvignon wine MLF was faster. O. oeni was the only LAB species detected by PCR/DGGE-rpoB after devatting, during MLF and also after sulphur dioxide addition (data not shown). During the growth of LAB population and MLF, the AAB population remained at low level. It grew in Merlot and Cabernet-Sauvignon wines at the end of MLF even while LAB population was maxima. Then sulphur addition stopped the AAB increase. For Cabernet-Franc, the AAB population started to grow after sulphur dioxide addition. Finally, at the end of the monitoring, AAB population was between 10 2 and 10 3 CFU/mL according to the wine. Regarding yeasts, after figure 3 ). Table IV shows the time between the devatting and the end of MLF, and the NS population and LAB population integrals during this period for the three wines. Significant differences of the time necessary to consume all malic acid were found. On the contrary there was no significant difference between LAB population integrals between the devatting and the sulphur dioxide addition. In the three cases, a sum of 10 8 CFU.∆t/mL LAB was necessary to consume all malic acid. In addition a relationship appeared between the NS population integral and the time required for MLF completion. Indeed, the more the MLF was long, the more the NS population integral was high: in Merlot, MLF was the longest and NS population was the highest as was the proportion of B. bruxellensis species at the end of MLF (table IV) 
II -EVOLUTION OF POPULATIONS IN WINES INOCULATED BY MALOLACTIC STARTERS
First, the efficiency of inoculation was checked. Thirty minutes after inoculation, the LAB population was numbered. Indigenous microflora was at very low level, indicating a probably long lag phase before the beginning of spontaneous MLF. For starters, LAB populations were in range of 10 5 -10 6 C FU/mL which are normal values for direct-inoculation starters, except for A-III which was found at only 10 CFU/mL, a non acceptable value for a correct inoculation. In this case, the bacteria present in the preparation were unable to survive after direct wine inoculation. Then, three different cases could be distinguished (an example of each case is given in figure 4) . First, for the indigenous microflora and the previously mentioned starter failed experiment, LAB populations increased gradually to reach an optimum of 10 7 CFU/mL after more than 70 days. In a second case, cell concentrations at the inoculation were correct, but the LAB population decreased until to 10 3 CFU/mL, then it followed the same evolution as the indigenous microflora with an increasing step. The viable bacteria present in the freeze-dried preparation were unable to survive and to grow after being stressed by the inoculation into the wine. Finally in the other experiments, the LAB population stayed at high level during all the MLF process (above 10 6 CFU/mL). Concerning malic acid consumption, two kinds of kinetics were observed (figure 5). Wines inoculated with the strain V presented a concave evolution and the time after inoculation necessary to complete MLF was respectively 25 and 37 days. The other experiments presented a convex evolution and the end of MLF was delayed. Implantations were positive for strains IV and V in all wines. Concerning I-a and I-b starters preparations, result was positive for wine A and negative for B.
In the other wines, where the LAB populations and malic acid consumption were similar to the indigenous assay the result was negative. In addition in the cases where the starters could not be detected the time needed for MLF completion was even longer than with the indigenous microflora. Concerning AAB population all experiments showed the same results. An example is given in figure 6 . During MLF, AAB populations were low and they increased just after the end of MLF and sulphur dioxide addition. At the end of the experiment, they reached a level of 10 4 CFU/mL.
At the beginning of the MLF, TY population progressively decreased and NS population remained low. Then, when malic acid consumption became significant, the NS population increased to the same level as the TY population. At the end of MLF, Saccharomyces species were negligible and all numbered yeast were NS species (figure 7). The figure 8 shows PCR-ITS-RFLP results obtained during MLF. The same evolution was observed in all cases. At the beginning of MLF, only S. cerevisiae was detected. Then, at the middle of MLF, S. cerevisiae and B. bruxellensis species were both detected and finally only B. bruxellensis band could be seen on the gel. The figure 9 shows the relationship between the integral of B. bruxellensis population and the duration of MLF. The longer MLF was, the higher was the sum of B. bruxellensis. Therefore an exponential correlation between the B. bruxellensis population integral and the time between inoculation and the end of MLF was evidenced.
DISCUSSION
When MLF was conduced by indigenous LAB in tank, the LAB population, composed by O. oeni (WIBOWO et al., 1985; RENOUF et al., 2006a) , increased progressively in all grape varieties wines after devatting. Despite the same initial level (10 3 CFU/mL), the delay necessary to achieve MLF differed according the wine probably because the alcohol content was different. Indeed, MLF was more difficult in Merlot (13.74 % v/v) than in . Ethanol is considered as one of the main inhibitor factor for O. oeni growth (RIBÉREAU-GAYON et al., 1998) . The peak of LAB population was obtained 8 days after devatting for Cabernet-Sauvignon, whereas it took 30 days for the merlot wine. Also when malolactic starters were used, the wine which had the highest alcohol content presented also the longest MLF. An important observation made from this study is that despite the variability of the time necessary to achieve MLF in the different wines, maximal populations were similar, and interestingly, calculated integrals of population, from devatting to the end of MLF, were also the same (table IV) . That means that the total O. oeni biomass involved in a complete MLF process should be constant. Some of our results strongly suggest interactions between O. oeni strains, probably involved in MLF duration. Indeed, in some starters experiment O. oeni population was high just after inoculation but after a stationary phase, it decreased and the evolution was similar to that of indigenous flora. Moreover, controls made during MLF showed implantation failure. It seems that the O. oeni inoculated strains were able to survive in wine after direct inoculation, but they were (LONVAUD-FUNEL and JOYEUX, 1993; EDWARDS et al., 1994) , but study of interactions between strains of the same species are more complicated. It needs heavy methods to describe the growth of each strain. To resolve this problem ALBASI et al. (2002) developed a bioreactor in order to perform mixed cultures by keeping microbial populations separated by a membrane which allowed substrates and products to flow freely.
Further investigations using similar process should be made to understand O. oeni strains interactions.
After the end of MLF, in the same time of the fall of LAB population, the AAB population increased. That confirms previously studies according them the AAB became dominant during the later stages of fermentation and in wine (JOYEUX et al., 1984; DRYSDALE AND FLEET, 1985) . At this stage of the wine elaboration the AAB species should be Acetobacter species which prefer ethanol as carbon source (DE LEY et al., 1984) whereas the other main oenological AAB species, Gluconobacter oxydans, prefers a sugary rich environment (DU TOIT and LAMBRECHTS, 2002) . The increases of the AAB population after the sulphur dioxide addition may be explained by the relative tolerance of Acetobacter aceti species to SO2 (DU TOIT et al., 2005) . The incomplete elimination of Acetobacter species by sulphur dioxide addition is problematic for the winemakers because these species may affect the sensory properties of the end product. Winemakers should combine the SO2 with other winemaking procedures: racking (RENOUF and LONVAUD-FUNEL, 2004) , high cellar hygiene and good barrels management (LONVAUD-FUNEL, 2001 ), low temperature and oxygen levels (MILLET, 2001) .
Concerning yeast population, important changes were observed. After devatting, TY population, mainly composed by S. cerevisiae, decreased. That should be explained by low residual fermentable sugars and the limited ethanol tolerance of Saccharomyces species (ALEXANDRE et al., 1993) . When MLF started, B. bruxellensis was detected and became the major yeast species at the end of MLF. No detection at earlier stage does not mean that B. bruxellensis was absent. Indeed results of molecular methods for specific species detection within a complex microbial mixture depend in some extent on the ratio species. B. bruxellensis should be present at very low level but they were masked by predominant Saccharomyces species. After post-fermentation sulphur dioxide addition, B. bruxellensis was the only yeast species detected in all studied wines, even where S. cerevisiae was still present at the end of MLF. That confirmed other cellars observation which suggested that B. bruxellensis is more tolerant to low sugar concentration, ethanol stress, and SO2 than S. cerevisiae (RENOUF et al., 2006b) In the slowest MLF, B. bruxellensis population overcame the threshold of 10 3 CFU/mL which is considered by several authors as a critical population for volatile phenols production (RENOUF and LONVAUD, 2005) . 
Ln of non-saccharomyces yeast integral
The calculation of the integral of B. bruxellensis population during the time necessary to achieve MLF showed an opposite relation between the sum of B. bruxellensis and the MLF rate. Sluggish MLF promoted the B. bruxellensis development. This phenomenon was always observed in these experiments. Then MLF should modify wine properties favouring B. bruxellensis growth when wines are not yet protected by SO2. Therefore, we suggest that any factor that inhibits LAB growth or survival and delays the MLF, as a consequence may favor B. bruxellensis growth. Among these factors, the alcohol content is important and B. bruxellensis ethanol tolerance is particularly remarkable. MEDAWAR et al. (2003) show that B. bruxellensis can grow in synthetic medium containing up to 12 % (v/v) of ethanol, whereas for CAPUCHO and SAN ROMANO (1994) , 4 % (v/v) has been reported to reduce the growth rate of LAB. The higher the alcohol content was, the higher the risk of MLF starter culture failure and unsuccessful MLF was. Another factor which may explain difference in MLF duration is the acetaldehyde-bound SO2 degradation by LAB species. Acetaldehyde is mainly formed during alcoholic fermentation by the Saccharomyces species metabolism (LIU and PILONE, 2000) . In wine, acetaldehyde bounds SO2 and decreases free SO2 and its antimicrobial role. During MLF the sum of free SO2 released by O. oeni depends of the strain ability to degrade acetaldehydebound SO2. When free SO2 released is high, it may cause stuck and sluggish MLF, due to the very sensitive SO2 effect on O. oeni (HENICK-KLING and PARK 1994; CARRETE et al., 2002; REGUANT et al., 2005) , whereas B. bruxellensis which is more resistant to SO2, should be less affected in its growth. The pH is also an important wine parameter that can influence O. oeni growth (BRITZ et al., 1990) . Progressive deacidification of wine during MLF may explicate the easier B. bruxellensis development at the end of MLF. In this study, the highest B. bruxellensis level was found in the wines with the highest pH. The pH effect on the ratio of active molecular sulphur H2SO4 and inactive sulphate ion (MACRIS and MARKAKIS, 1974 ) is well known (RIBÉREAU-GAYON et al., 2000) and the maintenance of a lower pH is important to have a higher percentage of the SO2 free molecular form.
In fact, B. bruxellensis seemed be characterized by poor homeostatic requirement. It supports high degree of alcohol (MEDAWAR et al., 2003) . Its nutrition requirement is low (ROSE and HARRISON, 1971; AGUILAR-USCANDA et al., 2000) . The total use up of glucose and fructose at the end of alcoholic fermentation is limiting (RENOUF et al., 2006b) . Whereas the phenolic acids inhibit the most part of wine micro-organism (WAUTERS et al., 2001; CAMPOS et al., 2003) , B. bruxellensis can consume them. Its growth is stimulated as soon as they wine is aerated, but it can also perfectly survive in an anaerobic environment as it is the case in the lees (RENOUF and LONVAUD-FUNEL, 2004 ). All those make B. bruxellensis particularly resistant species against the environmental stresses whereas the other wine yeast and bacteria species are more sensitive. That should lead to the selection of B. bruxellensis all along the winemaking procedure.
CONCLUSION
In order to understand microbial phenomena during winemaking it is crucial to have a global approach of the system. For that, the combined use of conventional microbiological methods such as numbering and isolating on selective nutritive media, and molecular methods of species identification and physicochemical analysis allow to get a global view. These followings during winemaking revealed quantitative and qualitative dynamic microbial changes. Interactions between each population may occur and should influence further wine taste. In addition to the classical interpretation of population curve, we have suggested to calculate the integral of the population curves to estimate the sum of cells present during a considered delay.
The malolactic fermentation appeared like a key stage of the winemaking. During this step, crucial modifications appeared concerning acetic acid bacteria and yeast population more particularly concerning the growth of the spoilage yeast B. bruxellensis. In fact, B. bruxellensis growth in wine was easier after the growth of O. oeni, when malic acid consumption was effective. This phenomenon was observed for different cellars, grape varieties, and different oenological practices and may be explained by direct cell interactions or by changes of wine properties resulting from O. oeni growth and MLF. Sluggish MLF promoted B. bruxellensis multiplication and the population could overcome the threshold of 10 3 CFU/mL, which is sufficient for volatile phenols production. That underlines the necessity of MLF management and the interest of efficient O. oeni starters to prevent the growth B. bruxellensis and wine alteration.
